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Abstract 
Recent, energy saving improvements in lighting technology have been 
made involving the use of more efficient lamps, silver coated light 
reflectors, and electronic light ballasts. Research indicates that it 
is economically feasible to retrofit existing light fixtures to 
utilize the advantages of these developments. This process consists 
of the removal of all standard lamps and ballasts in each light 
fixture, the installation of a highly refined light reflector and the 
replacement of the existing lamps with brighter, more efficient 
ones. Standard magnetic ballasts are exchanged for more efficient 
electronic ballasts. Resulting is a light fixture that produces a 
comparable amount of light, generates less heat, and uses much less 
energy than regular light fixtures. The purpose of this study was to 
define the cost-versus-savings involved with this type of retrofit 
as applied to the Westville School District. The district's light 
fixtures were counted and utility costs were determined for both 
present, and retrofitted lighting. This study found that a retrofit of 
this type would be cost effective for the district. 
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Chapter 1 
Overview 
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The educational setting requires reading and writing, 
activities that require a high level of lighting to accommodate 
proper performance. Therefore, a large portion of any school's 
electric consumption is directly related to the energy used in 
illuminating the interior of the buildings. Recent 
improvements in lighting technology have greatly raised the 
efficiency levels of light fixtures. Existing fixtures can also 
now be retrofitted with these improvements. While more 
energy efficient and less expensive to operate, the initial cost 
of these fixtures and modifications is substantial when the 
sheer numbers of the light fixtures in any school are 
considered. 
This study explores the feasibility of adopting these new 
measures in a school district considering the initial cost and 
both the short term and long term savings involved. 
Lighting Technology 4 
Statement of the Problem 
Currently the Westville School District uses 
conventional 40 watt, multiple lamp, fluorescent lighting 
fixtures to illuminate the classroom, hall, and office areas 
throughout the district. Over the last five school years many 
of these fixtures have been equipped with standard energy 
saving ballasts and 34 watt standard energy efficient tubes on 
a phase in, replace-as-needed basis. Recent new technology, 
resulting in much more energy efficient lighting, now exists. 
This study analysed present lighting energy consumption 
within the district and the savings potential of these new 
components. The goal of this study was to assess: 
1. The cost of retrofitting the lighting of the Westville 
district to utilize this technology. 
2. The amount of money that will be saved through 
reduced energy consumption if these measures are adopted. 
3. The feasibility of pursuing a retrofit when the 
variables identified in the two preceding statements are 
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compared. 
Limitations of the Study 
This study was limited to the four buildings that 
comprise the Westville district. Since this school system has 
already adopted several Energy Conservation Measures 
including the phase-in of energy conserving ballasts and watt-
miser fluorescent tubes, any further positive impact that is 
realized by this study should also be of value to other school 
systems. The author's experience indicates that many schools 
have yet to adopt any of these more energy efficient measures, 
making the potential impact of this study even of greater 
significance to districts that have failed to take advantage of 
any energy saving opportunities to date. 
School lighting needs were estimated by calculating 
annual average fixture use, or "burn time," in the daily function 
of the school buildings. Occasional night and weekend lighting 
use (i.e., feeding the classroom hamster) should not be a major 
factor and did not become a part of this research. Also, due to 
Lighting Technology 6 
the district's three month summer period of reduced 
occupancy, the annual burn time estimates were limited to a 
40 week period. The value of the still-functioning standard 
ballasts and T-12 fluorescent tubes, if removed, was not 
calculated and deducted from the savings potential of the 
project. It is assumed that some of their remaining value will 
be realized in an equipment auction to the general public, but 
this value was not projected in the study. 
Due to the recent development of this technology, along 
with the author's practical experience, it is assumed that 
many public schools in the state have not adopted these Energy 
Conservation Measures. Consequently, the impact of the study 
could be significant to many school districts. 
Preliminary research indicates that the adoption of these 
measures will reduce the heat output of any given building's 
lighting. Even so, this will have a negative impact on the 
required heating load of a building in the winter months, and a 
positive impact on the cooling load in the summer. For the 
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purpose of this study, it is assumed that these two factors 
will tend to offset each other. Regardless of electrical rate or 
utility company, further assumptions are: 
1. The cost of electricity will not decrease in the next 
five years. 
2. A reduction in electrical consumption will result in a 
reduction in electrical cost, as some utility companies 
actually reduce their electrical rate for high volume, 
industrial-type accounts. 
Definition of Terms 
The following terms are used repeatedly throughout this 
study. Knowledge of their meaning will facilitate 
understanding of the concepts of the study. 
Volt: A measurement of the force that propels electrical 
current. It is comparable to the amount of water pressure that 
propels water through a hose. 
Amperage: A measurement of the rate of flow of 
electricity. It is comparable to the amount of water that a 
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water hose puts forth. 
Watt: " ... the electrical unit of power, or the rate of doing 
work. One watt represents the power that is used when one 
ampere of current flows in an electrical circuit with a voltage 
or pressure of one volt." (Nelson, 302.) 
Kilowatt: One thousand watts. 
Lumen: A measure of the amount of light emitted by a 
light source. One lumen per square foot equals one foot-
candle. 
Energy Conservation Measure (ECM): Any effort made for 
the purpose of conserving energy or reducing energy 
consumption. 
Payback Period: The amount of time needed to repay the 
cost of an Energy Conservation Measure as calculated by using 
only the money it saves. 
Motion Sensors: Devices designed to sense the human 
occupation of a given area through the use of infra-red beam 
interruption or through the disturbance of an invisible 
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magnetic field. 
Peak Demand: The maximum amount of electricity that a 
building has used over a 15 minute period during a specific, 
high use time period. This number is used by utility companies 
to determine the amount of money that a user pays for 
electricity. As a basic rule of thumb, the higher a user's peak 
demand, the higher the cost of electricity. 
T12 Fluorescent Tube: The standard of the industry, a 
fluorescent tube that is one and one-half inches in diameter. A 
common T12, four feet in length, consumes 40 watts of 
electricity. 
TB Fluorescent Tube: A recent development in 
fluorescent tubes. One inch in diameter, it uses 32 watts of 
electricity to operate. Its rated life expectancy is 20,000+ 
hours. 
Ballast: A necessary electrical component of fluorescent 
lighting. Normally, one ballast is required for every two 
fluorescent lamps. Older-technology ballasts are referred to 
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as "magnetic" ballasts. New-technology ballasts are called 
"electronic" ballasts. The electronic ballasts have a rated life 
expectancy of 90,000+ hours. 
Reflective Lighting Retrofit: The practice of removing 
much of the interior of a standard fluorescent light fixture and 
replacing its components with an electronic ballast, a high 
efficiency light reflector, and one TB fluorescent lamp in the 
place of every two T12 lamps. 
Average Burn Time: The amount of time, per fixture, that 
a lamp is turned on in a given building. It can be stated as a 
daily or a yearly figure. Due to a school's reduced occupancy 
during the summer months, the average yearly figure is used 
most frequently to figure actual energy demand. 
Incandescent Lamp: The common light bulb, these lamps 
produce light by creating heat through electrical resistance. A 
glowing "filament," bridging two or more electrodes, emits 
light. This type of lighting is very inefficient in lumens 
created per-watt when compared to fluorescent lighting. 
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Chapter Two 
Rationale, Related Literature and Research 
Rationale 
Due to the current financial status of Westville 
Community Unit School District 2, all applicable possibilities 
for fiscal savings should be explored. While considerable 
dollar savings have already been realized from energy 
conservation measures (ECMs) that have resulted in 11 Energy 
Management Awards from the Illinois Department of Energy 
and Natural Resources, the Westville School District remains 
on the state Financial Watch List. Local revenue is limited due 
to a relatively low Equalized Assessed Valuation (EAV), 
$22,946,327, for a district that enrolls in excess of 1300 
students. This, combined with a substantial tax rate of $4.97 
per $100 of EAV, precludes the prospect of solving this 
financial crisis with an increase in the levy. Further energy 
savings, if practical, would help to improve the fiscal health 
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of the school district. 
The Westville district has four buildings. Judith 
Giacoma school is a kindergarten through fourth grade building 
of 39,900 square feet with an enrollment of about 550. 
Present class sizes at the Giacoma building fluctuate between 
25 and 30 students in some of the grades. McMillan School is a 
fifth and sixth grade middle school of 26,600 square feet with 
an enrollment of 210. Westville Junior High School houses 
about 220 seventh and eighth grade students within its 28,500 
square feet. Westville High School's square footage is 
comparatively large at 108,000. It is a typical ninth through 
twelveth grade high school of about 450 students. This study 
was conducted from within these four structures. 
Because only approximately 20% of the Westville 
district's annual income is derived from local revenue, much of 
the Operations and Maintenance Fund is comprised of state aid. 
By reducing the district's utility bills, more of this revenue 
could be directed to the Education Fund. Therefore, significant 
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savings realized through energy conservation could result in 
the employment of additional staff, which in turn could help to 
reduce the class sizes that currently exist at the elementary 
school level. Therefore, a positive impact on the quality of 
education in the district might result from this study. 
A state-wide survey of districts to determine the extent 
of the current utilization of these more efficient lighting 
systems was not conducted. However, due to the newness of 
this technology, it can be assumed that many school districts 
throughout the nation have yet to adopt these measures. If a 
significant savings of electrical usage along with a reasonable 
pay-back period is confirmed by this study, the students of 
many school districts could benefit from its findings. 
Review of the Literature 
Most of the literature dealing with the subject of energy 
efficient lighting contains more than simple opinions. Actual 
energy consumption reductions are often cited, along with 
precise calculations of payback periods. 
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Evanston Township High School, Evanston Illinois, 
adopted reflective lighting systems in September of 1990. 
Energy consumption was reduced without reducing light levels. 
Evanston was able to reduce 50% of the lighting energy 
previously used by installing efficient ballasts, lamps, motion 
sensors, and reflectors. The overall savings attributed to 
these measures was about $85,000 per year, making the 
expected pay-back period for this project two years. A total 
of 3,200 reflectors were installed in this district. A demand 
reduction of 207 kilowatts per month was realized. (Evanston 
High School Case History, 1990) 
When upgrading from standard T12 fluorescent tubes to 
TB lamps and electronic ballasts, a 43% reduction in energy 
consumption can be realized and comparable light levels can be 
maintained according to Nick Bleeker, applications marketing 
manager of Phillips Lighting, Industrial/Commercial Division. 
"Lighting can affect morale and comfort, as well as 
productivity." (Bleeker, 1991, 32). Under a soon-expected 
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Department of Energy standard, the unit power density for 
lighting in new federal buildings is not to exceed 1.5 watts per 
square foot, according to Norm Blake, manager of specification 
markets and legislative affairs at GTE's Sylvania Lighting 
Center. He goes on to state; "You can go with TS lamps and 
electronic ballasts and achieve 1.0 watt or less per square 
foot." (Blake, 1991, 32). 
If energy-efficient lighting were used everywhere it 
were profitable, the electricity required for lighting would be 
cut by 50o/o, and aggregate national electricity demand would 
be reduced by 10%. This would represent a savings of 16.5 
billion dollars in utility bills nationally. Replacing common 
incandescent light bulbs with energy efficient fluorescents 
realizes a 37 .5% annual return on investment. The value of 
new lighting technology is now clearly established, yet it has 
not been fully utilized at this point in time despite its great 
potential for saving money. A simple retrofit of existing 
lighting, cutting the number of lamps and ballasts in half with 
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the use of reflectors, can result in tremendous savings. 
(Environmental Protection at a Profit, no date). 
Lighting efficiency is now the hottest area in energy 
management. The industry will experience unprecedented 
growth in the next five years. "Lighting accounts for 
approximately 40% of the nation's $10 billion commercial 
electricity bill and approximately 50% of those costs can be 
saved through implementation of the products and services 
exhibited at the LEC." (Lighting Efficiency Congress handout, 
1993, no page). 
"Utilizing (reflective, electronic) fluorescent fixtures 
can diminish air conditioning costs by as much as 15o/o. The 
combined savings, in many cases, totals an impressive 25% 
reduction in energy expenditures." (Venters, 1991, no page). 
The return on investment for these installations is usually 
less than two years. These new fixtures generate controlled 
illumination at half the energy cost of conventional fixtures. 
(Venters, 1991). 
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Vanderbilt University installed Silverlux reflectors from 
3M on light fixtures throughout their campus. There were no 
complaints from anyone concerning reduced lighting levels. 
Roger Adams, Supervisor of Energy Management Systems, 
reports, "We've maintained a high light level while cutting 
energy costs in half. By installing a reflector on each fixture, 
two lamps and one ballast could be removed from a four-lamp, 
two ballast, fluorescent fixture while maintaining light level. 
Fewer lamps are now needed in each fixture, which not only 
reduces lamp inventory costs but also means less heat is 
produced, thus lowering cooling costs." (Venters, 1989, p.1 ). 
Since 1990, Columbia University has been converting 
existing conventional fixtures to reflective lighting 
technology throughout its campus. When this process is 
completed in late 1993, university officials anticipate annual 
savings approaching two million dollars. Present calculations 
show savings at an annual rate exceeding $750,000. Lindsay 
Audin, Manager of Energy Conservation, Columbia University. 
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(Written recommendation, April 9, 1992). 
Cambridge Elementary School in Cambridge, Wisconsin 
replaced its existing lighting with 356 new fixtures for the 
classrooms, halls, industrial arts area, and gymnasium at a 
cost of $16,505. As a result of this effort they realized an 
annual savings of $20, 153, for a simple payback period of less 
than 10 months. These savings will now be realized yearly. 
Additional benefits were realized in the overall quality of the 
lighting. "The new system created a lighter, brighter 
atmosphere for student learning and eliminated what was a 
growing risk in the industrial arts rooms, given the types of 
power tools used there." (Nicholson, 1994, p. 38). 
California State University completed a retrofit of its 
lighting systems in October of 1993. The process included the 
replacement of 61,000 34 watt T12 lamps and 36,000 
magnetic ballasts with 48,000 32 watt TB lamps and 22,000 
electronic ballasts. Reflectors were not used, and still the 
total number of lamps were reduced while maintaining an 
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acceptable level of room illumination. The project also 
included the installation of B50 occupancy sensors, devices 
that extinguish lighting when rooms are vacant. "Payback for 
the lighting project is expected in approximately three years." 
(Bryant, 1994, p.1 ). 
Stanford University completed a lamp, ballast, and 
controls upgrade in October 1993 at the Terman Engineering 
Center that cut the facility's lighting energy costs by 46%. 
The huge savings in utility costs yielded a payback in only 
three months. The project involved the installation of 
approximately 1,500 electronic ballasts and 4,600 TB lamps. 
"All T12 lamps were replaced by 32 watt TB units by Osram 
Sylvania, Danvers, Mass." (Nelson, 1994, p.13). Occupancy 
""' 
sensors were also installed in areas that are used 
intermittently, and even the buildings 90 exit signs were 
converted from incandescent to fluorescent lighting. (Nelson, 
1994) 
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Research Review 
The average burn times of the lamp fixtures in public 
schools are: 
Primary--1820 hours per year/ fixture. Middle--2000 
hours per year/ fixture. 
High--2270 hours per year/ fixture. 
(J. Moyers, personal communication, May 4, 1994) 
The input wattage of the components analyzed in this 
study is as follows: 
COMPONENT 
F40-T12 Lamp 
F40-T12 EM Lamp 
F32-T8 Lamp 
WATTS 
40 
34 
32 
Standard Magnetic Ballast 1 6 
Magnetic Energy-Saving Ballast 8 
Electronic Ballast <1 
LU MENS* 
2650 
2300 
2850 
*"Design Lumens," as opposed to "Initial Lumens." 
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J,Jnjgueness of the Study 
The literature supports the feasibility of pursuing a 
study of the value of a lighting retrofit for not only the 
Westville School District, but for any district that has not 
previously sought energy reduction in this area aggressively. 
Many smaller school districts do not have the luxury of having 
an administrator on staff who has the time and the prior 
knowledge to devote to a study of this type. With the advent of 
"performance contracting," many vendors of energy reduction 
products are approaching these administrators with proposals 
to install energy conservation measures for a share of the 
savings in return. The results of this study can be used by 
school personnel to both recognize the value of the adoption of 
this technology, and to avoid entering into ill-advised 
contracts with vendors who calculate energy savings using 
questionable figures. 
It is also important to recognize that any savings 
realized through energy conservation are repeated annually. 
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This, combined with ever-escalating utility rates, will lead to 
significant savings for many districts. The dollars saved can 
benefit many districts who have reduced the size of their staff 
due to the stark realism of the current funding level of our 
schools. The result could have a positive impact on the 
education of many young students by using money that was 
previously budgeted for electrical utility payments to 
decrease student-to-teacher ratios and to upgrade learning 
materials. 
Chapter Three 
Design of the Study 
General Design and Analysis of the Study 
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This study was conducted in a simple, straight-forward 
manner. The present electrical energy consumption devoted to 
lighting was determined by calculating the exact number and 
type of lighting fixtures present in each building. As each 
light source has a specific wattage rating labeled on it, one 
only needs to add these figures together to arrive at an 
accurate energy consumption rate, per hour, while the light is 
in use. By multiplying this figure by the number of hours these 
fixtures are switched "on" during the year, the annual lighting 
energy consumption, figured in Kilowatt Hours (KWH), was 
calculated: 
(LW+BW) X NUMBER OF FIXTURES= LIGHTING WATTAGE/HOUR 
LIGHTING WATTAGE/HOUR X HOURS USED YEARLY= TOTAL ANNUAL WATTAGE 
TOTAL ANNUAL WATTAGE =KWH 
1000 
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LW= Lamp Wattage BW= Ballast Wattage 
Next, the energy consumption of each of these light fixtures, if 
fluorescent, was recalculated assuming that they were 
retrofitted with electronic ballasts, TB lamps, and reflectors, 
where practical. In most instances, the addition of these 
reflectors allowed for the actual reduction of the overall 
number of lamps in the fixture itself, dramatically reducing 
the energy consumption of the lighting source. The wattage 
use of most existing incandescent lighting was refigured by 
calculating the replacement of the standard light bulb with a 
"compact fluorescent bulb." Then, using the same formula as 
cited earlier, the annual Kilowatt Hours was refigured. By 
subtracting this figure from the current consumption figure, 
and multiplying the difference by the electrical rate-per-
kilowatt hour, an actual annual cost savings, if retrofitted, 
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was determined: 
EXISTING KWH - RETROFITTED KWH =KWH SAVED 
KWH SAVED X COST PER KWH= COST SAVINGS OF RETROFIT 
Finally, by dividing the total cost of the project by the cost 
savings of the retrofit, the annual payback period was 
cal cu lated: 
PROJECT COST = PAYBACK PERIOD (IN YEARS) 
ANNUAL COST SAVINGS 
The estimated hours of use, or burn time, of the lighting 
in each building is a critical figure in this study, as the value 
of any decrease in KWH caused by a lighting retrofit has a 
direct relationship to the amount of time the lights are 
switched on. The longer the high-tech fixture burns, the more 
watts it saves. The payback period, then, has an inverse 
relationship with the burn time of an increased-efficiency 
lamp .. · Any increase in watts saved represents a greater money 
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savings, decreasing the amount of time needed to pay for the 
retrofit. 
To establish burn time, three criteria were used: 
1 . The "national average" of burn time for each building 
type was referenced. 
2. Building occupancy hours were studied. Principals and 
custodians were interviewed to identify areas used for 
extra-curricular activity and any schedule abnormalities. 
3. A five year electrical consumption history of each 
building was analyzed for the lowest monthly KWH usage that 
occurred during this period. Then, these "low months" were 
compared with the monthly KWH lighting consumption 
projections at each building. The rationale for this rests with 
the fact that these low points represent, to a great degree, 
lighting consumption. It is recognized that there always 
exists other electrical demands, even in months where heating 
and cooling needs are minimal. Refrigerators, freezers, 
exhaust fans, televisions sets, etc. make up a part of the 
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energy demand. Therefore, this study was used as a "safety 
net" to quickly identify if the average burn time estimate of a 
given building was excessive. When multiplied with the burn 
time estimate, the pre-retrofit KWH output, as determined by 
the survey, should not exceed these identified low points in 
demand. If so, a flaw in the burn time estimate should be 
suspected (see Appendix A). 
To be conservative, the annual lighting burn time of the 
school buildings was figured over only a 40 week period. While 
offices, halls, gymnasiums, and some classrooms continue to 
raise electrical use in the summer months, the majority of 
annual classroom lighting is greatly reduced after 37 to 38 
weeks. Therefore, so as not to overestimate the value of 
energy savings, for the purpose of this study the school year 
burn time was limited accordingly. 
As previously mentioned, the Westville district has been 
adopting the use of energy saving magnetic ballasts and 34 
watt fluorescent lamps on a phase-in basis. A review of 
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purchase orders revealed that since this process began in 
1991, 1,350, 34 watt T12 lamps and 100 energy saving eight-
watt ballasts have been purchased for district use. A 
storeroom inventory of these items was not conducted. 
However, even if all of these items have been installed, this 
number falls short of the actual number needed to illuminate 
the schools. Therefore, many of the older 40-watt T12 lamps 
and most of the 16 watt ballasts remain in the school 
district's fixtures. However, once again in the interest of 
being conservative when estimating savings, all fluorescent 
fixtures were assumed to contain the more energy efficient 
lamps. 
Another important consideration when calculating payback 
period is that the process of "relamping," or replacing all of 
the district's lighting at once will eliminate the need to 
replace light bulbs, fluorescent lamps, and ballasts for an 
extended period of time. Since these new fixtures will be at 
the beginning of their useful lives, one can estimate this 
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period of no-replacement by the published life rating of the 
particular component divided by the annual burn time of the 
fixture it resides in. This figure, multiplied with the 
district's average annual cost of bulbs, lamps, and ballasts, 
will yield a cost factor that will become part of the estimated 
savings of the retrofit. 
Sample and Population 
This field experience was conducted as a descriptive 
study of the existing lighting in the Westville School District. 
The sample and the population was the same: the lighting 
fixtures in the four buildings of the Westville School District. 
Exceptions were made in the following areas: 
1. The various closet lighting that is used intermittently 
within the school buildings. 
2. The newer fluorescent hallway lighting at Judith 
Giacoma. 
3. The portion of the EXIT sign lighting that has already 
been converted to fluorescent lamp use. 
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Due to very low usage or current low electrical consumption, 
payback time for the fixtures in these areas would be 
extensive. Therefore, they were ignored. Each illuminated 
area in the four school buildings was visited by the author. 
Light fixtures, sizes, and types were identified and counted. 
The results were recorded on a survey sheet (see Appendix B). 
Chapter Four 
Results of the Study 
Comparison Structure 
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Essentially, this study consists of a comparison of four 
factors: 
1. The cost of the operation of the present lighting 
system in the Westville School District. 
2. The cost of the operation of the same system if 
replaced by new, more energy efficient lighting technology. 
3. The cost of this retrofit, if pursued. 
4. The relationship of the cost-versus-savings of the 
retrofit project, calculated in the time needed to repay the 
cost of the project by using the money saved by the new 
fixtures. 
Calculations 
The following figures are a result of the survey of the 
present lighting system in the Westville School District's four 
buildings. 
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Factor One-- The cost of the operation of the present 
lighting system in the Westville School District: 
To establish the current electrical demand devoted to 
lighting, the different light fixtures in each building were 
counted, and the watt-usage of each type of light was 
calculated. A survey form was developed for this purpose (see 
Appendix B). The watt usage of each fixture type was 
multiplied by its number, resulting in a total wattage figure 
for each lamp design. This wattage figure was then divided by 
1000, converting the watt calculation to kilowatts. The 
fixtures were separated by categories according to their 
estimated burn time. By multiplying the kilowatt figures by 
their burn time estimates, an "annual kilowatt hour" figure 
was determined. Because this study was based over a 40 
week, or 1 O month time period, monthly lighting demand was 
calculated by dividing the annual KWH figure by 10. The 
results for each building are displayed on tables one, two, 
three, and four. 
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Table 1 
Current Lighting Electrical Consumption: Judjth Giacoma 
Burn Annual 
Fixtures Watts KWH Time KWH 
26 168 4.368 1,940 8,473.92 
3 84 0.252 2, 100 529.2 
514 84 43.176 1,660 71,672.16 
6 84 0.504 1,820 917 .28 
6 75 0.45 2, 100 945 
Total KWH per Year: 82,537.56 
Monthly Lighting Demand: 8,253.756 
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Table 2 
Current Lighting Electrical Consumption: McMillan School 
Fixlyr~s WaU!I KWH Burn Annual 
Time KWH 
96 168 16.13 1,660 26, 772.48 
6 84 0.50 1,950 982.80 
1 2 84 1 .01 1'120 1,128.96 
42 42 1. 76 2, 100 3,704.40 
1 6 84 1.34 1,400 1,881.60 
15 175 2.63 1,320 3,465.00 
Total KWH/Yr: 37,935.24 
Monthly Lighting Demand In KWH: 3,793.52 
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Table 3 
Current Lighting Consumption: Westville Junior High 
Fixtur~~ W11U~ KWH Burn Annual 
Time KWH 
35 168 5.88 1,660 9,760.8 
25 84 2.1 2, 100 4,410 
96 84 8.064 1,440 11,612.16 
64 84 5.376 1,440 7,741.44 
4 84 0.336 1,800 604.8 
8 84 0.672 1,440 967.68 
3 150 0.45 2, 100 945 
5 84 0.42 1, 100 462 
1 2 40 0.48 8,760 4,204.8 
Total KWH/Yr: 40,708.68 
Monthly Lighting Demand In KWH: 4,070.868 
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Table 4 
Current Lighting Electrical Demand: Westville High School 
Flxt u res Watts KWH Burn Annual 
Time KWH 
51 168 8.568 2,357 20, 194.776 
48 136 6 .5 2 8 1,859 12,135.552 
452 84 37.968 2,644 100 ,387 .392 
1 6 84 1 .344 1,984 2,666.496 
77 84 6.4 68 2,820 18,239.76 
77 84 6.468 2,080 13,453.44 
102 84 8.5 68 2,080 17,821.44 
1 0 75 0. 75 2,460 1,845 
24 150 3.6 2,460 8,856 
Total KWH/Yr: 195,599.856 
Monthly Lighting Demand In KWH: 19,559.9856 
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Factor Two-- The cost of the operation of the same 
system if replaced by new, more energy efficient lighting 
technology. 
Having determined the different lamp types, their 
number, and the current electrical energy requirements of 
each, the next step was to project the savings potential of a 
retrofit by recalculating the energy demand of each lamp in its 
post-retrofitted state. The difference, or KWH removed by the 
retrofit, was then multiplied by the annual burn time 
projections. The result of this calculation was multiplied by 
the cost of the electricity in each building, yielding the annual 
dollar savings to be expected in each building if the lighting 
retrofit process is completed. Tables 5, 6, 7, and 8 illustrate 
these figures for each of the four school buildings. 
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Table 5 
Lighting Retrofit Projections: Judith Gjacoma School 
Lamp 2Y.i!1J Watts Retro Watts KW Burn KWH Cost Dollars 
il.Ju .t:l.2.w Watts Saved Sayed Il.m.§ Removed per KWH Sayed 
2x4 4L 26 168 58 11 0 2.86 1,940 5,548.40 0.0803 $445.54 
2X4 2L 3 84 58 26 0.08 2, 100 163.80 0.0803 $13.15 
1X4 514 84 29 55 28.27 1,660 46,928.00 0.0803 $3,768.32 
1X4 6 84 58 26 0.16 1,820 283.92 0.0803 $22.80 
a= 6 75 23 52 0.31 2, 100 655.20 0.0803 $52.61 
Total 555 53,579 $4,302 
Other Savings: Relamp Cost/Yr $ 6 9 1 
Total Saved/Yr: $4,994 
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Table 6 
Lighting Retrofit Projectjons: McMillan School 
Lamp Quan Watts Retro Watts KW Burn KWH Cost Dollars 
~ Now Watts Saved Saved Time Removed per KWH Saved 
2x4 96 168 58 11 0 10.56 1,660 17,529.6 0.0987 $1, 730 
2x4 2L 6 84 58 26 0.156 1,950 304.2 0.0987 $30 
16" 12 84 29 55 0.66 1'120 739.2 0.0987 $73 
1x4 St 42 42 20 22 0.924 2, 100 1,940.4 0.0987 $192 
1x4 Hd 1 6 84 29 55 0.88 1,400 1,232 0.0987 $122 
1x8 St 15 175 90 85 1.275 1,320 1,683 0.0987 $166 
Total 187 23,428.4 $2,312 
Other Savings: Relamp Cost/Yr$ 4 61 
Total Saved/Yr: $2773 
Lighting Technology 40 
Table 7 
Lighting Retrofit Projectjons: Westville Junior High 
Lamp Qy1!.J] Watts Retro Watts KW Burn KWH Cost Dollars 
au H.2..w Watts Sayed Saved I.l.m.§ Removed per KWH Sayed 
2x4 4L 35 168 58 11 0 3.85 1,660 6,391 0.084 $537 
2X4 2L 25 84 58 26 0.65 2, 100 1,365 0.084 $115 
1X4EC 96 84 29 55 5.28 1,440 7,603.2 0.084 $639 
1X4 Wp 64 84 29 55 3.52 1,440 5,068.8 0.084 $426 
1X4 S 4 84 58 26 0.104 1,800 187.2 0.084 $16 
1X4 ST 8 84 29 55 0.44 1,440 633.6 0.084 $53 
a= 3 150 29 121 0.363 2, 100 762.3 0.084 $64 
a= 5 84 23 61 0.305 1, 100 335.5 0.084 $28 
EXIT 12 40 9 31 0.372 8,760 3,258. 72 0.084 $274 
Totals 252 25,605.3 $2,151 
Other Savings: Re lamp Cost/Yr: $494 
Total Saved/Yr: $2645 
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Table 8 
Liqhtjnq Retrofit Projectjons: Westville High School 
Lamp Quan Watts Retro Watts KW Burn KWH Cost Dollars 
ilu Now Watts Saved Saved Time Removed per KWH Saved 
2X4 4L 51 168 58 11 0 5.61 2,357 13,222.77 0.0912 $1,206 
2X4 3L 48 136 58 78 3.744 1,859 6,960.096 0.0912 $635 
2X4 2L 452 84 58 26 11.752 2,644 31,072.29 0.0912 $2,834 
1X4EC 16 84 29 55 0.88 1,984 1, 745.92 0.0912 $159 
1X4 W 77 84 58 26 2.002 2,820 5,645.64 0.0912 $515 
1X4 E-E 77 84 29 55 4.235 2,080 8,808.8 0.0912 $803 
1X4 ST 102 84 29 55 5.61 2,080 11,668.8 0.0912 $1,064 
a= 1 0 75 23 52 0.52 2,460 1,279.2 0.0912 $117 
a= 24 150 29 121 2.904 2,460 7,143.84 0.0912 $652 
Total 37.257 87,547.35 $7,984 
Other Savings: Relamp Cost/Yr $1,871 
Total Saved/Yr: $9,855 
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Factor Three-- The cost of this retrofit, if pursued. 
So that accurate cost figures for the retrofit of each 
type of light fixture could be calculated, a lighting retrofit 
vendor was contacted and a firm price was obtained for every 
lamp involved in the study. These costs, when multiplied by 
the number of fixtures that they represent and the cost of the 
labor involved in the installation, yield a total retrofit cost 
for each building. The costs are defined in tables 9, 10, 11, 
and 12. 
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Table 9 
Cost Of Lighting Retrofit: Judith Giacoma 
LamR lllRP QyaatUy Material Installation Total Unit I2tgl ~Q~t 
~ ~ ~ 
2x4 4L 26 $65.00 $17.50 $82.50 $2, 145.00 
2X4 2L 3 $29.00 $5.00 $34.00 $102.00 
1X4 WRAP 514 $36.60 $19.00 $55.60 $28,578.40 
1X4 WRAP 6 $27.00 $5.00 $32.00 $192.00 
a= 6 $27.00 $1.00 $28.00 $168.00 
Total All $31,185.40 
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Table 1 o 
Cost Of Lighting Retrofit: McMillan School 
Lame Tvee Qyu Material Installation Total Unit Ioti!I ~01t 
~ ~ ~ 
2x4 Lay In 96 $66.00 $17.50 $83.50 $8,016.00 
2x4 2L 6 $30.00 $5.00 $35.00 $210.00 
16" Wrap 12 $30.00 $6.50 $36.50 $438.00 
1 x4 Strip 42 $15.00 $6.50 $21.50 $903.00 
1x4 Hood 16 $39.00 $19.00 $58.00 $928.00 
1 x8 Strip 15 $36.00 $20.00 $56.00 $840.00 
Total All $11,335.00 
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Table 11 
Cost Of Ughfjng Retrofit: Westville Junior High 
Lamp Type Quantity 
2x4 4L 35 
2X4 2L 25 
1X4 EC 96 
1X4 WRAP 64 
1X4 WRAPS 4 
1X4 STRIP 8 
a= 3 
a= 5 
EXIT 12 
Material 
~ 
$64.00 
$29.00 
$39.00 
$35.00 
$26.00 
$34.00 
$27.00 
$27.00 
$29.00 
lnstallatlon Total Unj(otal Cost 
~ ~ 
$16.50 $80.50 $2,817.50 
$5.00 $34.00 $850.00 
$19.00 $58.00 $5,568.00 
$19.00 $54.00 $3,456.00 
$5.00 $31.00 $124.00 
$18.00 $52.00 $416.00 
$1.00 $28.00 $84.00 
$5.00 $32.00 $160.00 
$0.00 $29.00 $348.00 
Total All $13,823.50 
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Table 12 
Cost Of Ughtjng Retrofit: Westville High School 
Li! III R Ill Rt Qu1alllY Material Installation Total Unit I21a1 ~ost 
~ ~ ~ 
2X4 4L 51 $65.00 $17.50 $82.50 $4,207.50 
2X4 3L 48 $65.00 $17.50 $82.50 $3,960.00 
2X4 2L 452 $30.00 $5.00 $35.00 $15,820.00 
1X4EC 1 6 $30.00 $5.00 $35.00 $560.00 
1X4WLBO 77 $39.30 $19.00 $58.30 $4,489.10 
1X4 W E-E 77 $36.10 $19.00 $55.10 $4,242. 70 
1X4 STRIP 102 $39.00 $19.00 $58.00 $5,916.00 
a= 1 0 $27.00 $1.00 $28.00 $280.00 
a= 24 $27.00 $1.00 $28.00 $672.00 
Total All $40,147.30 
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District Relamp Savings 
As previously stated, part of the savings attributed to 
the retrofit of the lighting is a result of the elimination of the 
need to replace lamps and ballasts for a period of time. As 
seen on the previous charts, this dollar amount has been added 
to the total post-retrofit savings calculations in each building. 
To arrive at an accurate figure, a two-year review of district 
lighting purchase orders was conducted. As these lighting 
components are ordered for the district in general, and not for 
specific buildings, the amount of lamps and ballasts actually 
used by each building was not traceable. Therefore, the 
building usage was approximated by measuring their individual 
square footage against the sum of the total square footage of 
the district's four buildings. The results are displayed on 
table 13. 
Table 13 
Be!amp Savings 
SCHOOL 
J. GIACOMA 
MCMILLAN 
JUNIOR HIGH 
HIGiSCHOOL 
SQUARE 
FOOTAGE 
39,900 
26,600 
28,500 
108,000 
TOTAL DIST SQ/ET: 
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o/o OF TOTAL RELAMP COST BLD SHARE OF 
PIST SQ. fT. PER YEAR RELAMP COST 
19.66% $3,516.50 $691.17 
13.10% $3,516.50 $460.78 
14.04% $3,516.50 $493.70 
53.20% $3,516.50 $1,870.85 
203,000 
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Factor Four-- The relationship of the cost-versus-
savings of the retrofit project, calculated in the time needed 
to repay the cost of the project using the money saved by the 
new fixtures. 
By adding the Kilowatt savings per-year to the projected 
relamp savings in each individual building, a "total annual 
savings" projection was reached. This figure, when divided 
into the retrofit cost, yielded the "payback period", in years, in 
each of the four areas. A "return on investment" was then 
calculated by dividing the total retrofit cost by the total 
annual savings. 
Table 14 reveals the outcome of these calculations. 
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Table 14 
Summary Data: Westville Schools 
Cost Annual Annual Total 
Bulldlng KWH per Dollars Relamp Annual Retrofit Payback 
Saved KWH Saved Savings Savings Cost Period 
J. Giacoma 53,579 0.0803 $4,302 $691 $4,993 $31,185 6.25 
McMillan 23,428 0.0987 $2,312 $461 $2,773 $11,335 4.09 
Junior High 25,605 0.084 $2, 150 $494 $2,644 $13,824 5.23 
High School 87,547 0.0912 $7,984 $1,871 $9,855 $40,147 4.07 
TOTALS $20,265 $96,491 4.76 
PAYBACK PERIOD (IN YEARS) 
J. GIACOMA 6.25 
MCMILLAN 4.09 
JUNIOR HIGH 5.23 
HIGH SCHOOL 4.07 
AVG. PAYBACK PERIOD 4.76 
RETURN ON INVESTMENT 21.0% 
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Chapter Five 
Summary, Findings, Conclusions, and Recommendations 
Summary 
This study focused on investigating the feasibility of 
retrofitting existing school building lighting with high 
technology, more efficient lighting. The areas studied were 
the four buildings that comprise Westville Schools. The study 
was designed to determine whether the adoption of such 
technology was cost-effective. Another result of the study 
was an in-depth look at the energy consumption of the 
district's schools and the utility costs involved in their daily 
operation. The overall findings of this study were consistent 
with the review of the literature conducted. 
From this research comes recommendations that will 
allow the Westville Board of Education to make an informed 
decision as to the value of pursuing this course of action. 
Further, the result of the findings may help other school 
districts to choose to adopt new lighting, thus saving dollars 
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that can be directed to help ease the spending woes now faced 
by many school districts. 
Findings 
In reviewing the results reflected in this study, the 
adoption of a lighting retrofit district-wide appears to be the 
most favorable course of action to pursue. The payback period, 
or the time necessary to recover the cost of the materials and 
labor needed to complete the change-over, averaged less than 
five years. This represents a return on investment of 21 %. 
This research also revealed some other facts that were 
not anticipated, and raise other interesting questions that may 
possibly lead to other favorable outcomes, such as: 
The High School will experience a reduction of 37 
Kilowatts as a result of the retrofit. Its current electrical 
rate, or cost per KW, is high due to its "peak demand," which 
annually is in excess of 200 KW. The review of the past 
electrical consumption showed that this "peak" usually ranges 
from 204-216 KW, and occurs annually during early September. 
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A 37 KW reduction should unquestionably reduce this peak to 
under 200 KW, which is the threshold level that establishes 
this building at a higher rate. The result of such a reduction in 
rate was not calculated as part of the potential savings of the 
studied retrofit project at the high school building, as the 
exact amount of this potential decrease was not researched. 
However, if the result of this reduction in electrical cost 
would establish the high school rate at the lower rate of, for 
example, Judith Giacoma School, a further yearly savings of 
$2132 would be realized. 
In researching the electrical consumption of all of the 
Westville district's buildings, it was discovered that McMillan 
School has the highest rate-per-kilowatt. This is interesting, 
as McMillan is the smallest building of the four, and has the 
lowest electrical usage. While this fact may be the simple 
explanation for the higher rate, the research suggests 
otherwise, as McMillan's total usage is very close to that of 
the junior high, and the junior high's rate is substantially 
lower. 
Recommendations 
Lighting Technology 54 
There is one major area of concern that this study did 
not address: the quality of the lighting that is produced from 
the retrofitted light fixtures. The literature suggests that 
acceptable light levels can be maintained. However, it is 
recommended that the district immediately pursue a single 
room retrofit in each of its four buildings to determine if the 
lighting output, after the conversion takes place, meets 
applicable state codes. Assuming that these light levels are 
satisfactory, the findings of the study suggest the following 
courses of action: 
The Westville School District should develop 
specifications and initiate the bidding process for the purpose 
of retrofitting the existing lighting in all buildings. If the low 
bid is consistent with the projections in this research, and if 
the necessary funds are available, the lighting retrofit should 
proceed immediately. If the funds are not available from 
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existing reserves, the feasibility of obtaining a five year loan 
to finance the project should be investigated. With current 
favorable loan percentage rates, given the projected 21 % 
return-on-investment of the project, the overall impact of the 
loan payments on the current budget should be minimal. In 
fact, due to the magnitude of the electrical savings projected, 
a preliminary look at financing of this length suggests the 
possibility of the creation of a positive cash flow if the 
interest rate obtained is 7% or less. 
A second recommendation involves the investigation of 
the rate structure of Illinois Power Company. A company 
representative should be contacted at once to answer these 
two questions: 
Why is McMillan School's electrical rate the highest in 
the school district? The pronounced discrepancy suggests an 
error in the company's calculations. If this is the case, is a 
rebate to the district in order? 
What would the annual savings be for Westville High 
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School if the peak demand is reduced to less than 200 
Kilowatts? Since the research clearly indicates that this peak 
level will not be reached if the lighting is retrofitted, any 
savings realized should be added to the projected savings of 
the proposed project. 
This study indicates that the adoption of these new 
energy conservation measures offers school districts a 
feasible opportunity at substantial savings. Further, as utility 
rates inevitably rise, the savings potential of a lighting 
retrofit increases, providing an even stronger argument for the 
adoption of this new technology. 
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Appendices 
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Appendix A 
Low Month KWH Vs. Estimated Lighting Consumption 
BUILDlf:H:i llll ll.ll llil llll ll.il 5 YEAR EST. Safety 
.1....2.Yt Demaad Factor 
WHS 50,600 47,600 53,600 50,600 48,800 47,600 19,560 a< 
JHS 10, 703 10,520 10,120 9,960 10,360 9,960 4,071 a< 
McM 11,406 11,439 6,514 5,946 6, 103 5,946 3,794 a< 
GIACOMA 16,320 15,76016,96016,320 17 ,520 15, 760 8,254 a< 
This comparison confirmed that the current monthly lighting demand 
estimates in the study, based on burn time, are not exaggerated. The 
five-year low-month KWH consumptions, as identified in the above 
chart, substantially exceed the lighting demand estimates. 
Appendix 8 
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Room Survey Instrument 
ROOM NO 2X4 (4) i2X4 (3) 2X4 (2) 1X4' (2) !1X4 (1) INCAN./WA TIS 
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